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Course Aims

® Review basic image segmentation theory
® Demonstrate main ITK-SNAP features

® |mage viewing and navigation
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About Me

® Assistant Professor of Radiology at Penn
® Research interests:

® MRI| segmentation, morphometry
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About ITK-SNAP

® |aunched by Guido Gerig (UNC, Utah) in
late 90s as a series of student projects

® From the beginning, meant to be accessible
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Course Modules

® Module |:Introduction

® Module 2: Image Viewing and Navigation

- ® Module 3: Manual Segmentation
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Module |. Introduction

° Rewew of ba5|c |mag|ng concepts
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What is a 3D Image!

® A set of physical measurements organized
in space and time
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Images as Arrays of
Volume Elements (Voxels)

"3 002_S_1070_sc_mprage_tl.nii - [New...
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Properties of a Voxel

¢ [ntensity:
value of the voxel

¢ Dimensions:
size of the voxel in (mm?)

[ [
e Physical coordinates:
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3D Image Properties

® Spatial Resolution

® Spectral Resolution
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Spatial Resolution

® Number of voxels per unit of distance

® | ow resolution: can’t resolve nearby objects
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Isotropic vs.
Anisotropic

® Resolution may be different in each dimension of
the image

® |sotropic image: all three dimensions of the voxel
are the same
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Spectral Resolution

® Number of different intensity levels

2 levels
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Signal, Noise, Contrast

® Signal
® intensity due to sample
® Noise
® intensity due to other sources, measurement errors, etc.
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Low vs. High Contrast
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Images in the Computer

® |mage is encoded in disk/memory as a list
of numbers

12131 [224] 12| 32
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3D Image File Formats

o DICOM (.dem/.0234123534):
® Industry standard

® Each 2D slice stored in a separate file

® SNAP can read (usually)

® if not,try dem2nii from MRlcron
~ @ NIFTI (nii):
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Spatial Orientation

® Each voxel has a coordinate in “image space”
® x:column

® y:row

® z:slice
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Spatial Orientation

® But it also has a location in the physical space

® (x,y,z) of the corresponding location in the
scanner

12 | 31 |224
234123
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Spatial Orientation

® [ransformation from voxel coordinates to
physical coordinates is typically linear, given
by the formy =Ax + b
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Orientation in SNAP

Voxel Axis FROM TO
posterior anterior
inferior superior PI L
left right
FROM TO
right left
anterior posterior RAS
superior inferior

(48 different orientations)
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Visualization of 3D

Image Volumes

7\




Visualization in SNAP

dti_bO_crop.nii - [New Segmentation)* - ITK-SNAP 2.1.0-dev

window Help
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Review Questions

® How would we go about measuring SNR
and contrast in a medical image?
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Where to Go for Help!?

® http://www.itksnap.org

® TJutorials

® Discussion list
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http://www.itksnap.org
http://www.itksnap.org

Course Modules

® Module |:Introduction
® Module 2: Image Viewing and Navigation

~ ® Module 3: Manual Segmentation
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Module 2: Image
Viewing and Navigation

® | oad images into SNAP

® Navigation
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Ul Dem
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Image Contrast Dialog

® The screen can show 256 shades of gray
® Human eye has limited spectral resolution

® Often only a range of the image spectrum
~ Is interesting
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Image Contrast Dialog

Window and Level:

Level: 50.00 Window: 1000

Curve-Based Adjustment:
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input image intensity
Input Intensity:

50 + Reset
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Window and Level
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Window and Level

® Example: level=500, window=600
® |Intensities below 500 map to 0
® |Intensities from 500 to | 100 map linearly to range [0 255]

® |Intensities above | 100 map to 255

Window and Level:

Level: 500.00 Window: 600

Curve-Based Adjustment:
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Input Intensity:
1100
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Fine-Scale Image
ontrast Adjustment
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Fine-Scale Image
Contrast Adjustment

output image intensity
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Image Information Page

Voxel size in units of mm

Voxel coordinates
(column, row, slice)
of the crosshairs

Physical coordinate of the
crosshairs in RAS space
(x=R->L, y=A->P z=S->I)

Tuesday, May 18, 2010

Dimensions

X 128 Y. 54 z IE
X 0.12 Y. 0.12 z10.12

Origin and Orientation

X 0.125 Y. 1.125 z .125

RAI Code: [PIL

Voxel Spacing

Crosshair Position

Voxel

coordinates
World (ITK)
coordinates

World (NIFTT)
coordinates

Y |27
Y. 1F9.12

y.19.12

Intensity Range

min: l max 1567

Voxel Under the Cursor

Intensity: 59

Image dimension in units of voxels

Physical coordinate of voxel (0,0,0)

Describes how axes in voxel space
(column, row, slice)
map to physical x, y, z axes

Minimum and maximum
intensities in the image

Intensity of voxel under
the cross-hairs



Hands-On Exercise
(10 minutes)

|. Load NIFTI image mouse_brain_t|.nii
Adjust contrast using level & window controls

Guesstimate the intensity range of the cortex, ventricles,
background by moving the crosshairs around the image

- 4. Use curve contrast control to maximize the contrastin
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Course Modules

® Module |:Introduction
® Module 2: Image Viewing and Navigation

~ ® Module 3: Manual Segmentation
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Module 3: Manual
Segmentation

® How segmentation is represented in SNAP

® Polygon tool
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What's Segmentation!?

® Delineation of structures of interest

® |n SNAP, each voxel in the input image is
assigned a unique label
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What's Segmentation!

.
Il ITK-SNAP 1.4: liver_160x170x140.hdr - kidney-liver-seg.gipl.gz

le Options Help

5: liver =
o é;) ({}

Tool Options

Crosshairs Tool

0:“clear” label

i e
niensay
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What's Segmentation!

Wi

31

224 ..

234

123

434 ..




Drawing Operations

® Polygon Tool
® [race outlines of structures
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Drawing Operations

® |nitially all voxels are assigned clear label (0)

® Drawing operation replace the existing
label with the active label
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Draw-Over Label

Draw-Over Protection

“All Labels” No labels are “protected”

Labels tagged as “hidden” are
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Properties of
Segmentation Labels

® Name (e.g., "Hippocampus™)
e |d (0-255)

® Display color
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GUI Demo:
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GUI Demo:
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Paintbrush Tool

® Quick touch-up with brushes of different
shapes and sizes

® Quickly switch between drawing and
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Adaptive Paintbrush

® Brush shape sets the boundary of the
region where segmentation is performed

® (Center of the brush is the reference voxel
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GUI Demo:
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GUI Demo:
Segmentation Files and
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Volumes and Statistics

Owriay Tools

A NO __ volstat.txt (~/Downloads/MRI-crop (1)) - VIM
:uxxx:t:::cc:::::xxx:t:c:cc::::::xn’ncnu::::::x:tucuu

# SNAP Vaxel Count File

formot :

ID / MMBER / VOLLME / MEAN /

Crosstais Yool

Foraty.  Labet

2 0

Label description
The numericol 1d of the lobel
ls that have that label
n cudic mm
els
0ol 7 L Standard de on of ¢t oxels
BEERNRROV00000HERNRNNNL0000 0B ERNRNNNRN00000BHRNNRNNE0000
/ 18138
2633
4775
2259
2548
1847
7661
16841

Segmentaton Optons

L B B

Azve craw ing bbet waiview Doll4 wel vow
e . 22.9791
25.763
25.4262
55.6178
S2.6429
23.5244
56.3739
£9.2177

Oraw over:
Al btoks

NN

I Draw rworiad

Overad Boel 0pacty
K J

SNNSNNSNAS

Label odtor

SNV S W

~

1,1




Volumes and Statistics

eSO | volstat.txt (~/Downloads/MRI-crop (1)) - VIM

ﬁ#########################################################
# SNAP Voxel Count File
# File format:
# LABEL: ID / NUMBER / VOLUME / MEAN / SD
# Fields:

LABEL Label description

1D The numerical 1d of the label

NUMBER Number of voxels that have that label

VOLUME Volume of those voxels in cubic mm

MEAN Mean intensity of those voxels

SD Standard deviation of those voxels
12181303131808120313181818:213120012021313121202: 3131002020 3131812.2:2131800 1201313000203 1200 2020312 iduR R
vent-lat : 1/ 18138 /
vent-3rd : 2 2633 /
vent-4th 3 4775 /
hippo-R : 4 2250 /
hippo-L : 5 2548 /
vent-temp : b 1047 /
caudates 7 7661 /

8 16841 /

~

Tuesday, May 18, 2010

18138 /
2633 /
4775 /
2250 /
2548 /
1047 /
7661 /

16841 /

22.0791 /
25.763 /
25.4262 /
55.6178 /
52.6429 /
23.5244 /
56.3759 /
©9.2177 /

1,1

6.70728
6.36361
6.60467
4.47806
4.15063
7.34334
3.92178
6.05497

All




Hands-on Exercise
(20 minutes)

. Load image in the DICOM directory
. Correct image orientation

. Set contrast automatically

. Create labels for left lung, right lung and tumor

Vsl s 1N \( VieY R - 9l e N 1 ATT f ol @) : ®) : "N ENN oy [t VIO o o
- R ! A ".. \ -‘P'?.i |’ ‘5"1?- ) ‘Q‘gr' .'\A‘. L A’Exn “ l _'(._!.l" '.‘:'»,“- ‘9’5.’._ l}(_': L ‘-\.E - :-- _v:,t' .“ i Jﬂ,\“., ", 1 r "&"' i .‘ f e
. /(=) - P . i -y - o € YA ey

Tuesday, May 18, 2010



Course Modules

® Module |:Introduction
® Module 2: Image Viewing and Navigation

~ ® Module 3: Manual Segmentation
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Module 4: Automatic
Segmentation

® Theory of active contour segmentation
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Automatic
Segmentation

® Rule #I: Garbage In = Garbage Out
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Active Contour

Evolution

\
| | | .
p it v p ] b 1 . L Aok »
.. ot oy a 0l oy et - ” v I
o A OB TR i - pa | 1 _*‘,_-. oy _T = " .-_..qd,.f o A
. . ! ! ! . . : - "'
. : ! Y b \
1 ) ot "L. /]
I.i [.i I‘i ?‘i



Active Contour is
Controlled by Forces

Image-driven force Shape-driven force
pushes the contour pushes the contour
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Active Contour is
Controlled by Forces

Image-driven force l . Shape-driven force
pushes the contour < pushes the contour
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Forces

® Forces act perpendicular to the contour

® Shape force is proportional to the

curvature of the contour
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Forces

® |mage force is proportional to the value of
the speed image under the contour

® Speed image is derived from the grayscale
Image in various ways
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Region-Based vs. Edge-
Based Speed Functions

® Region-based:

® Obijects of interest have roughly uniform
intensity values

® Edge-based:

® Obijects of interest are separated from
other objects in the image by edges,
i.e., strong discontinuities in intensity




Region-Based
Speed Function

Intensity Region Filter

W Preview result

™ Combined display

Apply Close
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Region-Based
Speed Function




Edge-Based
Speed Function

)
.

»

»

»

4

.

»

.
»
»

>
.

.
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’

The function g() applied to the gradient magnitude image
ocale of Gaussian bluming (sigma)

[ 0.4 { _J ¥ Preview result

Edge contrast (kappa)
fooro | 1

Edge mapping exponent

[200 |
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Edge-Based
Speed Function




Edge-Based
Speed Function

BRI WMLl Slower expansion at the

edges of the image

>
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Edge-Based
Speed Function

BRI WMLl Slower expansion at the

edges of the image

>

Edge-based contour
will “leak” past weak
edges
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Edge-Based
Speed Function

BRI WMLl Slower expansion at the
; edges of the image

»

Edge-based contour
will “leak” past weak
edges

Use
additional “advection”
force to push back on the
contour at edges
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Level Set Method

® Contour is represented by a 3D image

® |intensity| at a voxel = distance to contour
® positive = outside contour; negative = inside

® This “implicit” representation of the contour improves numerical stability
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Level Set Method

® Contour is represented by a 3D image
® |intensity| at a voxel = distance to contour

® positive = outside contour; negative = inside

® This “implicit” representation of the contour improves numerical stability
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Level Set Method

® Contour is represented by a 3D image
® |intensity| at a voxel = distance to contour

® positive = outside contour; negative = inside

® This “implicit” representation of the contour improves numerical stability
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Active Contour
Segmentation

® Step |:set up the speed function
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Segmentation Example

v ITK-SnAP 1.20 [2004,085.01): liver 160x170x140. hdr - mo Se9 img

Step 3ol

M e i oeiery OF

b et LRSS T
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Ul Demo:
Automatic
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Hands-on Exercise
(20 minutes)

|. Load image mouse_brain_tl| region_bc.nii

Define bounding box around the ventricles
Segment the ventricles using region-based method
Use 3D cut plane tool to label left/right ventricles
Use manual tools to touch up your segmentation
Report the volumes of the ventricles

Segment left hippocampus using region-based method

BT A W N

Use 3D tools to remove gray matter adjacent to it
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Course Modules

® Module |:Introduction
® Module 2: Image Viewing and Navigation

~ ® Module 3: Manual Segmentation
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Module 5

® Changing appearance preferences

® Generating figures for publication
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GUI Demo:
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What'’s Left!?

® | ot more to learn about SNAP
® Check out documentation, mailing lists

.7 Power users mig ht Ilke
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Bugs, etc.

® SNAP has some bugs. Sorry!

® Often it’s the graphics card. Or too little
‘memory Tr another machme Gl
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Thank you and enjoy!
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